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The paper examines the impact of economic integration on the relationship
between the currency and equity markets for a group of Asian emerging econ-
omies using both linear and non-linear frameworks. We first derive the
dynamic conditional correlations between the two markets and then examine
the impact of economic integration on their relationship. Our main results are:
(a) there is a negative correlation between real exchange rate changes and
equity return differentials for all countries apart from China, which becomes
deeper during the global financial crisis (GFC) for some of the countries; (b)
economic integration, both real and financial, has an asymmetric impact on
the relationship between the two markets both in the short-run and in the
long-run; and (c) applying a linear framework does not bring out the impact of
financial integration.
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1 | INTRODUCTION
Capital flight, exchange rate fluctuations, and the transi-
tion to a market-based economy are major relevant issues
for the dynamics between currency and equity markets
in the emerging Asian economies. Though capital inflows
to Asian emerging markets have been high (Milesi-
Ferretti & Tille, 2011), they have remained sensitive to
repatriations and portfolio reallocations (Bussière,
Schmidt, & Valla, 2018; Crockett, 2002). These fluctua-
tions have the potential to cause shocks to currency mar-
kets, with market-wide effects, and trigger a financial
crisis, which can spread across the region in the current
era of economic integration, such as the episode of the
1998 Asian Financial Crisis. This is a great policy concern
for policymakers and regulators in Asia, who are trying
to ensure financial and economic stability (Chkili &
Nguyen, 2014). On the other hand, after the adoption of
more flexible exchange rate regimes,1 high exchange rate
fluctuations have been a challenge for international
investors and fund managers to formulate an effective
global asset allocation strategy for the emerging Asian
markets. In the presence of higher currency risk, the ben-
efits of comparatively higher stock returns may be offset
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by currency fluctuations and a satisfactory return may
not be obtained without controlling for the currency
effects (Driessen & Laeven, 2007).2
In this paper, we attempt to capture the dynamics of
the currency and equity markets through the use of a
dynamic conditional correlation (DCC) estimation
method, to reflect the volatility of capital flows of recent
times and the global financial crisis (GFC), which have
resulted in time-varying relationships. Our sample period
is 2005–2016, which covers the build-up of capital flows
during the 2000s and the subsequent collapse after the
GFC. Our second objective is to examine the impact of
the globalization process on those dynamics and to con-
sider its possible non-linear, or asymmetric effects.
Numerous studies have investigated the dynamics of
the two markets. However, many of those studies are
based on the cointegration approach (see e.g., Nieh &
Lee, 2001; Phylaktis & Ravazzolo, 2005) which is appro-
priate for studying long-run relationships but is less suit-
able for studying the short-to-medium-term relationships
of these markets (Hau & Rey, 2006). Furthermore, equity
and currency markets behave in a time-varying and vola-
tile manner, which is also not captured by the
cointegration approach.3 These aspects of the dynamics
emphasize the need to constantly rebalance the portfolios
to exploit the benefits of diversification. Very few studies
consider the time-varying behaviour of the currency and
equity markets nexus.4 As such, this research employs
DCC-GARCH proposed by Engle (2002). This approach
not only takes into account the heteroscedasticity issue of
financial time series but also handles directly the time-
varying relationships. This constitutes our first
contribution.
However, our main contribution is the examination
of the impact of economic integration on the currency
and equity markets nexus using a non-linear asymmetric
framework to capture the non-linearities found in many
underlying variables.
Few studies have examined the determinants of the
association between currency and equity markets. For
example, Hau and Rey (2006) using a sample of 17 OECD
economies over the period 1980–2001 consider the effects
of financial development measured by market capitaliza-
tion to GDP and find that correlations between the two
markets are higher for countries with high financial
development. J.-W. Cho, Choi, Kim, and Kim (2016)
using a sample of nine developed and 12 emerging mar-
kets over the period 1996–2009 examine the impact of
capital flight and find that conditions in the global equity
markets define the inflows and outflows of capital in the
emerging and advanced economies. During the downturn
of global markets, capital moves from the emerging to
the advanced economies resulting in depreciation
(appreciation) of the emerging markets (advanced) cur-
rencies. Therefore, the flow of capital from the emerging
markets to the developed markets during the recent
financial crisis explains the exchange rate and equity
returns association. In this way, the authors find that cur-
rency and equity markets have positive (negative) corre-
lations in emerging (advanced) markets and capital flows
substantiate the relationship.
Moore and Wang (2014) examine the impact of eco-
nomic integration on the correlation between the
exchange rate and equity markets for a group of Asian
emerging markets, namely Indonesia, Malaysia, South
Korea, the Philippines, Singapore and Thailand, and a
group of developed markets, Australia, Canada, Japan,
and the UK, using quarterly data over the period 1980–
2006. Interestingly, they find that the trade route is an
important channel in determining the nexus in emerging
markets while the interest rate differential route is impor-
tant in determining the relationship in advanced coun-
tries. The significance of interest rate differentials depicts
the vital effect of capital mobility.
This study focuses also on the Asian emerging econo-
mies but includes the two biggest emerging market econ-
omies, namely China and India, which constitute
altogether17.35% of the global economy, and covers the
period 2005–2016 which includes the GFC.5 It considers
the linear and non-linear role of real and financial inte-
gration in explaining the currency and equity market cor-
relations. Economic linkages between the Asian and the
advanced economies have increased after the adoption of
liberalisation policies in Emerging Asia, which in turn
have increased economic integration with the rest of the
world (S. Narayan, Sriananthakumar, & Islam, 2014).
Previous studies on the impact of economic integration
were based on a linear, or symmetric approach, which
might have given rise to misleading results if the linear
assumption did not hold, something we found to be the
case in our study.6
Non-linearity is an important aspect of macroeco-
nomic variables. Keynes (1936) noted that macroeco-
nomic variables can shift suddenly from an expansionary
state to a recessionary state. However, he also noted that
the turning point in the opposite direction from a reces-
sionary to the expansionary phase is not frequent and is
slower in macroeconomic variables. This dissimilarity in
the variables shifting from different states over a period
has given rise to the need to model asymmetry and non-
linearity in order to improve our understanding of long-
term relationships between macroeconomic variables
(Shiller, 2005; Shin, Yu, & Greenwood-Nimmo, 2014).
In the recent literature, a consensus is emerging to
look into the non-linear patterns of the relationships to
better understand the underlying dynamics (e.g.,
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Bahmani-Oskooee & Fariditavana, 2015; Choudhry &
Hassan, 2015). Economic integration is a macroeconomic
phenomenon and may show a non-linear or asymmetric
effect in explaining the association between currency and
equity markets. Besides, financial markets are largely
based on expectations, and in the case when a particular
expectation dominates in a market, the response is prone
to non-linearity, or asymmetry (Bahmani-Oskooee and
Saha, 2015; Bahmani-Oskooee & Fariditavana, 2015).
The asymmetric analysis applied in this study disaggre-
gates changes in economic integration into increases and
decreases and looks into the effects of each one on the
currency-equity markets nexus.
Our main results can be summarized as follows: We
find a negative correlation between real exchange rate
changes and equity return differentials for all countries
apart from China, which becomes deeper for some of the
countries during the GFC. Secondly, economic integration,
both real and financial, has an asymmetric impact on the
relationship between the two markets, both in the short-
run and in the long-run. Thirdly, applying a linear frame-
work does not bring out the impact of financial integration.
The rest of the paper is arranged as follows. Section 2
discusses the theoretical underpinnings of the equity and
currency markets nexus and the importance of economic
integration in that relationship. Section 3 presents the
data and preliminary analysis, while Section 4 presents
the empirical results of the DCC between the two mar-
kets. Section 5 investigates the impact of economic inte-




2.1 | The currency and equity markets
nexus
The classical, as well as the modern theories, are contra-
dictory in terms of their different implications on the
association between the currency and equity markets.
For example, in the classical theory, the “portfolio”
approach describes that the stock price has an effect on
the exchange rate through the capital account
(Branson, 1981; Frankel, 1983; Gavin, 1989). For exam-
ple, an increase in the stock prices in Malaysia will
increase wealth, the demand for money, and interest
rates, leading to an appreciation of the Malaysian Ring-
git7 and a decrease in the real exchange rate8 resulting in
a negative association with stock price differential.9 Con-
trary to the “portfolio” approach, the “flow” oriented
model states that the exchange rate associates with stock
price through the variations it causes to international
competitiveness (Dornbusch & Fischer, 1980). For exam-
ple, an increase in international competitiveness, say
through a depreciation of the Malaysian Ringgit(an
increase in the nominal exchange rate) and an increase
in the real exchange rate affects the trade balance and
the real sector performance favourably, which is also
reflected in the stock prices, as firm stock prices reflect
expected future cash flows, which are influenced by the
future internal and external aggregate demand producing
a positive association with the stock price differential.
Similarly, modern theory has different predictions on
the relationship. For example, Malliaropulos (1998) pre-
dicts that the improvement in equity market performance
associates with real exchange rate appreciation, which is a
negative association between the real exchange rate and
the stock price differential. In other words, when the
domestic equity market (e.g., Malaysia) outperforms the
foreign equity market (e.g., the US), the exchange rate
appreciates (i.e., value of Malaysian ringgit improves rela-
tive to US dollar). On the other hand, Hau and Rey (2006)
develop a model which shows that in the case when the
investors cannot hedge the currency exposure perfectly
and follow portfolio rebalancing strategies; namely, any
surge in foreign (US) vis-à-vis domestic (Malaysian) equity
returns induces Malaysian investors to repatriate some of
their foreign-equity wealth due to a desire to reduce their
FX exposure which, in turn, induces the foreign currency
to depreciate. Thus, an increase in US stock prices relative
to the Malaysian stock prices will be associated with a
depreciation of the dollar (an appreciation of the Malay-
sian Ringgit) and a decrease in the real exchange rate giv-
ing rise to a positive association between the real exchange
rate and the stock price differential for Malaysia.
Noting the contradictions in the theory, this paper
seeks to provide empirical evidence on the dynamics
between currency and equity markets for a group of Asian
emerging economies, which comprise a high proportion of
the global economy, 17.35% of the global economy.
2.2 | Economic integration and the
linkage between the currency and equity
markets
The increase in international linkages as a result of finan-
cial liberalisation, including the relaxation of foreign
asset ownership restrictions, the development of the capi-
tal markets along with the macroeconomic and trade
reforms in these countries have made the financial mar-
ket relationships more complicated (Dai, 2014) and this
motivates our research to reexamine the existing relation-
ships and to investigate the influence of economic
MUHAMMAD ET AL. 3
integration on the association between currency and
equity markets. Economic integration takes place
through two channels, trade of goods and the current
account and relate to the abolition of trade barriers and is
referred to as real integration; and capital flows and the
capital account and relates to the abolition of capital flow
restrictions and is referred to as financial integration. The
role of economic integration has evolved significantly
through the fast process of liberalisation of trade and cap-
ital flows across the globe (Bekaert & Harvey, 2017) and
has impacted the complexity of financial markets, which
makes it imperative to investigate its impact on the cur-
rency-equity markets nexus.
From the theoretical models outlined earlier, one can
see how economic integration may affect the association
between currency and equity markets. For example, the
flow-oriented model provides a supportive argument to
this link. Real integration is related to the international
competitiveness of the real economy, and the flow-ori-
ented model shows the influence of the current account
changes on the exchange rate and stock prices. Similarly,
financial integration is associated with the foreign owner-
ship of assets and the portfolio-oriented model shows the
influence of the capital account variations on stock prices
and exchange rates.
Following the liberalisation era, the pace of trade and
financial integration has improved in emerging Asian
economies. The trade linkage is very dominant in the
emerging economies due to the latter's over-reliance on
export-led growth policies. Trade constitutes a large part
of their gross domestic product. For example, the Malay-
sian foreign trade ratio10 is 141.6, (74.4% for exports and
67.2% for imports).11 Similarly, with the development of
stock markets and the liberalisation of the capital
account in the emerging economies, financial integration
has increased. As a result, we expect to find a significant
influence of real and financial integration on the associa-
tion between currency and equity markets.
3 | DATA
This study considers nine Asian emerging economies
namely; China, Korea, India, Indonesia, Malaysia, Paki-
stan, the Philippines, Singapore, and Thailand, which
constitute 17.35% of the global economy. Our sample
includes two of the biggest emerging markets, namely
China and India, which are very important players glob-
ally, as well as in the region. These economies are classi-
fied as emerging economies by Morgan Stanley Capital
International (MSCI).12 The sample spans the period
from July 2005 to December 2016,13 which includes the
buildup of financial flows in the global economy and the
outburst of the GFC. All the data are sourced from
Datastream, IMF Financial Statistics, and Federal
Reserve Bank of St. Louis Economic Research database.
For details of the definitions and sources of data see
Table A1. We use monthly data to capture dynamic rela-
tionships more accurately.14
3.1 | Preliminary analysis
Table 1 provides a preliminary analysis of our main vari-
ables, the equity return differentials, and the real
exchange rate changes. As can be seen, the mean as well
as the standard deviation, which measures the volatility,
are higher for equity return differentials compared to real
exchange rate changes.15 The Jarque–Bera test, which is
a test for normality with a null hypothesis of normality
presence, rejects the null hypothesis at the p-value of
10%, or below and establishes the absence of normality in
many of the series (Table 1, Panel A).
We test the stationarity of our series using the Aug-
mented Dickey-Fuller (ADF) test with a null hypothesis of
unit root/non-stationary (Table 1, Panel B). As can be
seen, all the data series for both stock return differentials
and real exchange rate changes reject the null hypothesis
of unit root at the 1% level of statistical significance at
level-intercept and trend restrictions. This fulfils the DCC-
GARCH assumption that the series should be stationary.
Serial correlation is also an important issue in finan-
cial time series. We use the Ljung-Box-Pierce Q-test to
examine the serial correlation properties of the data with
the null hypothesis of no autocorrelation. The lag order





The results reported in Table 1, Panel C show that serial
correlation is present in all the equity return differentials
and real exchange rate changes series when applied to
the residuals in both level and square forms.
4 | METHODOLOGY
This research consists of two stages. In the first stage, we
estimate the DCC between the equity stock price differ-
ential and the real exchange rate changes (Section 4.1),
and in the second stage, we examine the impact of eco-
nomic integration on the relationship (Section 5).
4.1 | The dynamic conditional
correlation
The serial dependence noted above makes the use of the
generalized autoregressive conditional heteroskedasticity















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































6 MUHAMMAD ET AL.
type modelling appropriate. This study uses the dynamic
conditional correlation specification of bivariate GARCH
proposed by Engle (2002) to estimate the nexus between
the equity return differentials and the real exchange rate
changes. The advantages of this approach are the exposi-
tion to the direct interdependence between the variables,
the adjustment to heteroscedasticity through the stan-
dardized residual estimation (Chiang, Jeon, & Li, 2007),
and the adjustment of correlation with the time-varying
volatility which avoids the volatility bias (J. H. Cho &
Parhizgari, 2008; Forbes & Rigobon, 2002).
Let xt = [x1t,x2t,]0 be a 2 × 1 vector comprising stock
return differentials and real exchange rate in a condi-
tional mean equation as16:
xt = μ+ εt and εt jEt−1  0,Htð Þ, ð1Þ
where μ is a 2 × 1 vector of intercept and εt = [ε1t, ε2t] is
a vector of residuals conditional on the information at
time t − 1(Et − 1). The error term is supposed condition-
ally multivariate normal with mean zero and variance–





is a 2× 2 diagonal matrix with time-vary-
ing standard deviation from the univariate GARCH
models and Rt = ρijt for i, j = 1, and 2, is a conditional
correlation matrix. Dt component follows the univariate
GARCH (1, 1) process expressed as:
hit =φi + γiε
2
it−1 + δihit−1 8i=1,2: ð2Þ
where φi is an intercept term, γi measures the condi-
tional volatility and δi captures the persistence of volatil-
ity. The DCC model evolves as:
Qt = 1−φ1−ω1ð ÞQ+φ1 εt−1 ´εt−1ð Þ+ω1Qt−1, ð3Þ
where Qt = qijt is 2 × 2 is a conditional variance–covari-
ance matrix of standardized residuals, Q is an uncondi-
tional correlation of εt έt found through Equation (2), φ1
and ω1 are positive scalar parameters fulfilling
φ1 +ω1 < 1. As Qt in Equation (3) lacks unit elements on
diagonal, it's scaled to get the proper correlation matrix




t . For this research, the
interest is in Rt which is ρij,t = qij,t= ffiffiffiffiffiffiffiffiffiffiqii,t qjj,tp , ij=1,2 and i 6¼ j
and expresses the DCC between stock return differentials
and real exchange rate changes.
4.1.1 | Empirical results - Currency and
equity markets nexus
We estimate the DCC between the equity return differen-
tials and real exchange rate changes. Due to the absence
of normality in the data series, we use a quasi-maximum
likelihood procedure to generate the standard errors that
are robust to the non-normality issue. Through the use of
alternative lags, data behaviour seems to be appropriately
captured by DCC (1, 1) along with each conditional vari-
ance in the GARCH (1, 1) process. The sum of γi and δi is
close to one which supports the persistence of GARCH
processes for both equity return differentials and real
exchange rate changes in most of the sample economies
(see Table 2). Similarly, the DCC parameters (i.e., φ1and
ω1) are also consistent with the GARCH process. The
validity of the models is gauged further through the diag-
nostic statistics. According to the Ljung-Box-Pierce Q,
there is no serial dependence at both level and square of
residuals in most of the cases. These results provide sup-
port for the suitability of the GARCH model for our
study. Next, we discuss the DCC results by plotting the
relations between equity return differentials and
exchange rate changes.
The DCC graphs for all the nine sample economies
are shown in Figure 1. The following observations can be
made. First of all, the DCCs for the overall sample show
the relationship between the two variables is negative for
all the countries except for China.17 The meaning of the
negative relationship for this study is such that the
exchange rate depreciation of the domestic currency, say
the Malaysian Ringgit, and an increase in the real
exchange rate is associated with an equity price
decrease.18 Though our sample of countries and time-
period are different than those of Malliaropulos (1998)
and Moore and Wang (2014), our results are in agree-
ment with theirs. This may confirm the peculiar feature
of emerging markets to award high equity premiums to
attract international investors to invest in the stock mar-
ket (Madhur, 2008). Therefore, a capital account effect
emerges as postulated by Branson (1981) and
Frankel (1983) in the form of the portfolio-oriented
model. These results also signify the rising role of equity
markets in our sample of emerging economies. Secondly,
the correlation is highly variable for some of the econo-
mies, such as India, Indonesia, Korea, and Singapore,
which reflects the high volatility of the financial markets.
Thirdly, during the GFC the correlation goes down in
some cases (e.g., Singapore, India, Indonesia, etc.) and
then comes back again. This is in line with the findings
of previous studies where the linkages between the finan-
cial markets were found to be intensified during crisis
periods and then moving quickly to their normal level
after the crisis (Filipe, 2012; Phylaktis & Ravazzolo, 2005).
Moreover, during the sub-prime crisis period, a decline in
the negative DCCs is supportive of capital flight, and in
line with J.-W. Cho et al.'s (2016) study, which points out
that capital flows from the emerging markets to the
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advanced markets during the crisis period is due to the
flight-to-quality phenomenon. This implies that during
the crisis episode, international investors sell their emerg-
ing markets assets (as they are considered riskier than
those of advanced markets), which result in less demand
for the emerging markets currencies leading to a cur-
rency depreciation along with a decrease in the stock
prices owning to selling pressure.
5 | ECONOMIC INTEGRATION
AND THE STOCK AND FOREIGN
EXCHANGE MARKETS NEXUS
Having estimated the DCC between currency and equity
markets for each country, we proceed to examine the
extent to which economic integration impacts that rela-
tionship by estimating the following model:
ρi,t = γi,o + γ1,iDMt + γ2,iBTi,t + γ3,iIDi,t + γ4,iEAi,t + γ5,iFDi,t + μi,t,
ð4Þ
where ρt stands for the DCC between equity return differ-
entials and the real exchange-rate changes for each country
i, BTt is the ratio of balance of trade to GDP
19 and proxies
for real integration, IDt is real interest rate differential and
proxies for financial integration. We use two control vari-
ables, economic activity (EAt) and financial development
(FDt). We introduce a dummy, DM to capture the GFC
effect.20 DM takes the value of one over the period from
October-2007 to March-2009 and zero otherwise.
All explanatory variables are taken in logarithmic
form except interest rates. More explanation for each var-
iable is given below. Details of the definitions and sources
are also given in Table A1.
BT proxies for real integration. The purpose of real
integration is to facilitate the flow of trade between the
economies and reduce costs, thus, making prices compet-
itive for both traders and consumers. There are various
measures of real integration. Traditionally, real integra-
tion has conceptually been considered the extent to
which international barriers and other restrictions
impede international trade of goods (Eatwell, Milgate, &
Newman, 1987). However, there is an issue with trade
barriers as non-tariff barriers cannot be easily measured
(Ammer & Mei, 1996). Trade openness is another mea-
sure, where the ratio of exports and imports to GDP is
used. However, this measure does not say anything about
the level of trade in the absence of trade barriers. This
study uses the balance of trade ratio, which is exports
minus imports divided by GDP to gauge real integration.
This variable captures the openness of an economy and
its significant influence will establish the effect of real
integration on the currency and equity markets nexus.
ID proxies for financial integration. Financial integra-
tion is the process that connects the financial markets of
different economies with each other. There are two types
of measures of financial integration; de jure financial
integration and de facto financial integration. The former
is based on the actual restrictions and regulations submit-
ted by national governments to the International Mone-
tary Fund, which is published in its Annual Report on
Exchange Arrangements and Exchange Restrictions
(AREAER), which provides a written description of cur-
rent regulations used for each country as a base to assign
the zero–one dummy variable of the presence or absence
of restrictions on the current and capital accounts. Zero if
the restriction is in place and 1 otherwise. There are two
main disadvantages with the de jure measures as they do
not capture the degree of enforcement and also do not
cover regulations that act as capital restrictions but are
not counted as such for example, prudential regulations
that limit the foreign exposure of domestic banks.
The de facto financial integration relates to what is
happening based on either the quantities, or the prices of
assets. If it is based on the quantities, then actual interna-
tional capital flows are often used as a measure of finan-
cial openness. A common proxy used for this measure is
the international assets and liabilities position as a frac-
tion of GDP. If the ratio is high, it implies that an econ-
omy is financially open to the rest of the world (Lane and
Milesi-Ferretti (2003, 2017)). However, these measures
are not available at a monthly frequency, thus, making
them inappropriate for our study.
If de facto financial integration is based on the prices
of assets, markets are said to be “integrated” in the global
capital markets if assets with the same attributes com-
mand the same expected return irrespective of where
they are domiciled. In the absence of financial market
impediments, this will lead to equalisation of prices in
different markets (De Brouwer, 2005). In our study, we
use this measure as a proxy for financial integration,
which is provided at a monthly frequency. More pre-
cisely, we use real interest rate differential, or otherwise
referred to as the real interest rate parity (RIP). RIP is a
testable implication of financial integration that avoids
the explicit use of exchange rate data by assuming that
the (change in) the real exchange rate is constant (the rel-
ative purchasing power parity hypothesis holds).21,22 As
emphasized in Chinn and Frankel (1995), Phy-
laktis (1999), and Obstfeld and Taylor (2003), the RIP
hypothesis is also very important because it is based on
the existence of frictionless markets. It follows then that
a test of the real interest rate differential can tell us the
degree of market integration of the particular market.
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The real interest rate differential is calculated as the
difference between the real interest rate of country i and
that of the US. Normally, interest rate differentials move
towards convergence and synchronization across econo-
mies with an increase in financial integration. However,
even with financial integration, the interest rate differen-
tials exist due to disparities in the economic factors across
the economies.
EA stands for the economic activity of each country
and indicates the economic outlook, which determines
the overall price level of goods and services including
currency and stocks in an economy. It triggers a great
influence informing the investor's sentiment related to
portfolio rebalancing (Fernández-Amador, Gächter,
Larch, & Peter, 2013). This study uses the industrial pro-
duction index as a proxy for economic activity, which is
available at monthly frequency.
FD stands for financial development for each country.
Financial development impacts the whole economy
including the exchange rate and stock markets
(Levine, 1997). Financially developed economies have a
better allocation of resources, and therefore, are more
competitive and efficient compared to the less developed
economies. As explained earlier, Hau and Rey (2006)
found that there is a positive relationship between finan-
cial development and the correlation between the stock
and FX markets. To capture the impact of financial devel-
opment, this study derives a principal component of three
ratios: credit to private sector-to-GDP (DC), market capi-
talization-to-GDP (MC), and M323-to-GDP (MB). These
ratios have been used extensively in the literature to cap-
ture financial development (e.g., Hau & Rey, 2006). In the
current study, principal component one (PC1) explains the
highest proportion of the given three factors (see Table A2),
therefore FDi, t for economy i at time t is taken as an aggre-
gate of the products of the relevant proportions and factors
values as follows; FDi,t = Γ̂1,iMCi,t + Γ̂2,iMBi,t + Γ̂3,iDCi,t ;
Γ̂1, Γ̂2,and Γ̂3 are the explained proportions by PC1 for
MC, MB, and DC, respectively.
5.1 | Linear autoregressive distributed
lag modelling (ARDL)
According to the unit root analysis of the variables in
Equation (4), the results show that variables are of a
mixed order (i.e., a mix of level stationary I(0) and first
differenced stationary I(1) variables). For example, ρ, BT,
and EA are stationary in level, while ID and FD are sta-
tionary in the first difference in the case of India
(Table A3).
As a result, this study uses the Autoregressive Distrib-
uted Lag Modelling (ARDL) to estimate Equation (4),
which accommodates variables of mixed order of integra-
tion. Another important advantage of the ARDL model is
the simultaneous estimation of the short-run and the
long-run estimates in a single equation.24 The error cor-
rection specification of model 4 is as follows in the form
of Equation (5):

















η6,kΔFDi,t−k + λορi,t−1 + λ1BTi,t−1 + λ2IDi,t−1
+ λ3EAi,t−1 + λ4FDi,t−1 + μi,t: ð5Þ
Specification 5 follows the Pesaran, Shin, and
Smith (2001) ARDL framework. The null hypothesis (H0)
of no cointegration against the alternative hypothesis
(H1) for model 5 can be elaborated as:
























Pesaran et al. (2001) recommend that to test for
cointegration, one should test the joint significance of the
lagged level variables via the F-test, or the Wald test.
They also provide critical values to test the presence of
cointegration. Each critical value contains a set of two
bounds called the lower bound I(0) and the upper bound
I(1).25 The criterion for establishing cointegration is such
that the estimated F-statistic should be higher than the
upper bound critical value. If the calculated value is
lower than the upper critical value, the null hypothesis is
accepted. In the case when the calculated value is in
between the I(0) and the I(1), the decision is inconclu-
sive. In such cases, there is another alternative approach
to test the H0, namely the error correction term (ECMt-1).
This term replaces the lagged level variables in Equa-
















Kremers, Ericsson, and Dolado (1992) conclude that a
negative and significant ECMt-1 coefficient establishes
MUHAMMAD ET AL. 9
the presence of cointegration. However, Pesaran
et al. (2001) provide another set of t-ratios to test the sig-
nificance of the error term called tBDM. If the calculated t-
ratio is higher than the upper value of tBDM, H1 is
accepted.
5.1.1 | Empirical results
Table 3, Panel C reports various important diagnostic sta-
tistics. The F-statistic, which is the Wald restriction for
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Thailand
FIGURE 1 Dynamic conditional
correlations (DCCs) between currency
and equity markets. Note: The shaded
region denotes the global financial crisis
period (October-2007 to March-2009)
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all the countries apart from Malaysia, the Philippines,
Singapore, and Thailand based on the 3.52 critical value
provided by Pesaran et al. (2001). In these cases, we apply
the error correction term ECMt-1. All the t-values for the
ECMt-1 are above the −3.66 critical value, establishing
cointegration for all the countries. Other model statistics
are the adjusted R2, the Breusch-Godfrey Lagrange Multi-
plier test of residual serial correlation (LM), and Ramsey's
test for model functional form (RESET). All the LM and
RESET values are insignificant, so, all the models are free
of serial correlation and have their right functional form.
We test the stability of the models through the use of
CUSUM and CUSUMQ denoted by CU and CUQ2
respectively. According to either the CUSUM or the CUS-
UMQ, all the models are found to be stable. The above
diagnostic statistics are supportive of the appropriateness
of the adopted model and the meaningfulness of the
short-run and the long-run estimates.
Table 3, Panels A and B, report the results for the
short and long-run estimates of Equation (5) respectively.
Focusing first on the long-run estimates, we note that the
coefficient of the trade channel is significant only in the
case of China, Korea, and Pakistan and impacts the cur-
rency and equity markets nexus. This means that
improvements in the trade balance increase equity prices
and also improves the domestic currency value. There-
fore, when the economy is having a balance of trade sur-
plus, it promotes the negative correlation between the
currency and equity markets. This translates into the role
of real integration as a conduit for the relationship and
supports the trade-based linkage of these economies with
the rest of the world. The impact of real integration is
also present in the short-run, negative in China and Paki-
stan and positive in the Philippines.
On the other hand, it is important to note that finan-
cial integration, measured by the interest rate differential,
does not affect any of the countries in the long-run, so
the limited financial integration impact found in the
short-run does not carry over to the long-run. It was
found in the short-run to be positively significant with
varying lags in the case of China, Korea, and Singapore.
Thus, similar to Moore and Wang (2014), we could not
find any effect of the financial integration channel for
Asian economies. However, their research was based on
lower data frequency (i.e., quarterly) and for a different
period and group of countries. As the financial channel
response is fast, we expected to find its influence, if it
existed, in our study, which is based on higher frequency
data (i.e., monthly) and covers a more recent period,
where capital mobility was higher.
In the next section, we extend our analysis to the
non-linear framework to explore these findings further.
Looking now at the control variables, we find finan-
cial development to have a negative impact in some cases
in the short-run, which turns mainly positive in the long-
run, supporting Hau and Rey's (2006) finding that corre-
lations between the two markets are higher for countries
with higher financial development. Economic activity
does not seem to have much of an impact either in the
short-run, or the long-run. The coefficient for the dummy
variable is significant only in the case of India and Paki-
stan in the long-run with a negative sign. This means that
the financial crisis was associated with a decline in the
correlation in these countries. This corroborates the fall
in the correlation as shown in Figure 1. However, the
lesser GFC effect in the rest of the countries can be due
to the fact that the impact of the GFC was not so severe
in the Asian economies compared to the advanced econo-
mies (Goldstein & Xie, 2009).
5.2 | Nonlinear ARDL (NARDL)
Specification 5 assumes that all the variables affect the
relationship between the currency and equity markets
symmetrically. This may not be the case where macroeco-
nomic variables show, non-linearity in their behaviour.
The relationship between the currency and equity markets
may change differently with the changes in the level of
economic integration. Whether an increase or a decrease
in economic integration have a symmetric or asymmetric
effect can be tested through the approach introduced by
Shin et al. (2014). Thus, we decompose each explanatory
variable into two series, such that one series shows a par-
tial sum of increase and the other series shows a partial
sum of decrease. These are structurally constructed as fol-




















We generate in the same way the partial sum for all
the other explanatory variables. Substituting these partial
sum series in the specification (5) we get the following:

























































+ λ7FD+i,t−1 + λ8FD
−
i,t−1 + μi,t :
ð9Þ
Specification 9 is termed as NARDL by Shin
et al. (2014). They show that the linear approach of
Pesaran et al. (2001) is equally applicable to their non-lin-

















tested through the F-test or the ECMt-1 as detailed in the
earlier section. Once cointegration is established, the nor-
malized coefficient of partial sum positive series is tested
with counterpart normalized partial sum negative series
coefficient (e.g., for real integration λ1 with λ2 in case of
the long run and η3k with η4kin the case of the short run).
If the size, or the sign of the partial sum positive and neg-
ative coefficients are not the same, the effect is said to be
asymmetric, otherwise, the effect is concluded to be
symmetric.
5.2.1 | Empirical results
In this section we investigate the impact of real integra-
tion and financial integration on the association between
currency and equity markets using a non-linear or asym-
metric framework, the non-linear ARDL approach
suggested by Shin et al. (2014). Before moving to the non-
linear estimates, it is necessary to check first the null
hypothesis of no cointegration. If the null hypothesis is
rejected, one can proceed to the NARDL approach.
Table 4, Panel C reports the cointegration results. Based
on the F-test, cointegration is established for all the coun-
tries except Malaysia and the Philippines as the critical
upper bound value is less than the estimated F-values.
However, cointegration is established in all the cases
based on ECMt-1. Table 4, Panel C reports also a set of
other important diagnostic statistics, which show that the
functional form of models is appropriate, free of serial
correlation, and according to either the CUSUM or the
CUSUMQ, stable. The above diagnostic statistics are sup-
portive of the appropriateness of the adopted model and
the meaningfulness of the short-run and the long-run
estimates.
We then proceed to establish whether there are asym-
metric effects. Bahmani-Oskooee, Aftab, and Harvey
(2016) suggest that an asymmetric effect can be
established by one of the following three ways. First,
short-run adjustment asymmetry is established when the
partial sum of positive and negative variables come with
different lags based on the optimal lag length selection
criterion; the short-run asymmetry is established when
either the size or the sign of the coefficient of partial sum
positive and negative variables is different at each lag;
and finally, if the cumulative or impact asymmetry of a
variable is established when the sum of partial sum posi-
tive variable lags is different from the sum of partial sum
negative lags tested by applying the Wald test.
Applying the above criteria to the short-run estimates,
we observe the following (see Table 4, Panel A). Adjust-
ment asymmetry of the trade channel is not present,
while adjustment asymmetry of interest rate differentials
is observed in the case of Korea, Malaysia, Pakistan, the
Philippines, and Singapore. On the other hand, short-run
asymmetry based on either the magnitude or the sign of
the coefficient is observed in all the nine countries. The
results for cumulative asymmetry are reported in Table 5,
Panel A shows that trade balance asymmetry is observed
in the case of Malaysia and the Philippines, and interest
rate differentials asymmetry is present in the case of
Pakistan and the Philippines. These results support the
short-run asymmetric effects of economic integration in
defining the association between currency and equity
markets. In conclusion, per one or more of the three
criteria, we have established the existence of asymmetric
effects in the short-run.
Moving to the long-run, we note that cumulative
asymmetry for real integration is established in China,
India, and Indonesia and for interest rate differentials in
Indonesia, Singapore, and Thailand based on the Wald
test (Table 5, Panel B). However, long-run asymmetry
based on either size, or sign for both real and financial
channels is established in all the countries. The asymmet-
ric effects of EA are established based on the Wald test in
the case of Indonesia and Malaysia; for FD in the case of
Malaysia and Thailand.
Having established asymmetric effects in both the
short-run and the long-run, which render inappropriate
the use of linear frameworks applied in previous studies,
we proceed to investigate the long-run asymmetric effects
(Table 4, Panel B) and compare them to the results of the
linear long-run analysis. The effect of BT +t is observed in
the case of Korea, Malaysia, Pakistan, and Thailand and
the influence of BT−t is present in the case of China,
Indonesia, Malaysia, and Pakistan. In the linear analysis,
the effect of the balance of trade channel was only
observed in the case of China, Korea, and Pakistan.
Table 6 summarizes the results of the long-run linear and
non-linear estimations. The sign of the effect for Malaysia
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is the same for the BT +t and BT
−
t , however, the magni-
tude of the coefficient is different, establishing the asym-
metric effect. It is also notable that the magnitude of the
coefficient BT−t is higher than that of BT
+
t in other cases.
This finding is interesting and may imply that a fall in
the real channel has higher influence compared to a
surge in it in determining the correlations. This finding is
analogous particularly to behavioural finance. For exam-
ple, the prospect theory by Kahneman and Tversky (1979)
proposes that the financial response to losses is higher
than that of gains in the financial markets. Similar to
this, the determining force of the correlation between the
currency and equity markets seems to be triggered more
by a decrease in the real channel than an increase. The
trade balance coefficient is negative in all the significant
cases. This means trade balance is associated with a nega-
tive correlation. This implies that a positive trade balance
improves equities' performance and appreciates the
exchange rate. Therefore, in the case when a country has
a trade surplus, the negative correlation between cur-
rency and equity markets is further enhanced. Although
we are not discussing short-run estimates in detail, it
should be noted that the asymmetric effects for the bal-
ance of trade are also present in the short-run and are
more pronounced than in the linear estimation. This
means that separating the trade balance into increases
and decreases yields more short-run significant effects.
Similarly, the effect of financial integration is
observed in the non-linear model. Both ID+t and ID
−
t
have a significant effect in Indonesia and Malaysia, with
a positive sign in the case of Malaysia, and a negative
sign in the case of Indonesia. In the linear model, the
effect was not present in any case. The positive coefficient
of interest rate differential implies that improvements in
the interest rate differential lead to depreciation in the
exchange rate (in line with UIP), which improves the
international competitiveness of firms, their profitability
and subsequently stock performance in accord with the
flow-oriented model, and the Hau and Ray model, (2006)
of a positive association between the real exchange rate
and the stock price differential for the emerging market.
On the other hand, a negative interest rate differential
coefficient is associated with a negative time-varying cor-
relation. This means that the surge in the stock prices
improves the currency value through the demand for
money, and therefore interest rates in support of the port-
folio approach and the Malliaropulos (1998) model. Over-
all, the non-linear analysis reveals more support for
financial integration in connecting the currency and
equity markets. Asymmetric effects are also present in
the short-run (Table 4, Panel A) and are more pro-
nounced than in the linear case. Thus, the non-linear
adjustments show more support for the financial channel
on the currency equity markets nexus, compared to the
linear case.
Regarding the control variables, we note asymmetric
effects in both FD and EA in many countries in both the
short-run and the long-run, while in the linear case EA
did not have an impact either in the short-run or the
long-run.
In summary, the results of the non-linear approach
show that both real integration and financial integration
explain financial market linkages. We find this approach
is more appropriate than the linear approach as the line-
arity assumption is shown not to hold.
6 | CONCLUSION
In this study, we investigate the dynamic relationship
between the equity return differentials and real exchange
rate changes for a group of Asian emerging markets over
the period 2005–2016, by estimating first, the dynamic
conditional correlations, and then examining the impact
of economic integration, both real and financial integra-
tion on that relationship. Our sample consists of nine
countries, which includes both China and India, which
play an important role globally and regionally in terms of
the size of their economies, trade, and capital flows.
The conditional correlation analysis shows that there
is a negative correlation between real exchange rate
changes and equity return differentials in all the coun-
tries apart from China, which becomes deeper for some
of them during the GFC. Most importantly we find that
economic integration, both real and financial, has an
asymmetric impact on the relationship between the two
markets both in the short-run and in the long-run.
Applying a linear framework does not bring out the
impact of financial integration. Besides, only some effects
of real integration carry over to the long-run. However,
we find that the linear assumption does not hold and that
explains the results of previous studies, which rely on lin-
ear models and report that financial integration does not
impact the currency equity markets nexus (e.g., Moore &
Wang, 2014). Their inferences are misleading since we
have established that non-linearity is present.
The findings of this study imply that it is not a single
theory that explains the relationship between the cur-
rency and equity markets, rather it is the time-varying
nature of the relationship that resonates with a particular
theory. Though the study finds that the portfolio-oriented
model and the Malliaropulos model predominantly
explain the relationship, there is also some support for
the goods market channel and the Hau and Rey model
over time. This translates into the importance of a time-
varying approach to study the relationship.
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From the investors' point of view, a sound under-
standing of the currency-equity markets linkages can
help to formulate effective investment decisions regard-
ing hedging arrangements and overall portfolio perfor-
mance. The findings pinpoint that the fall in stock
market performance is associated with real exchange rate
depreciation. Therefore, the total return for an interna-
tional equity investor, which is the sum of her equity
investment return and exchange rate changes requires
some hedging arrangement. Therefore, a portfolio strat-
egy that hedges currency risk may beat a strategy that
keeps the currency risk uncovered. Similarly, a global
asset allocation strategy in Asian emerging equity mar-
kets may take a long position if the judgement is based
on information that there is currency appreciation.
The study highlights the time-varying relationship of the
currency and equity markets, and the asymmetric impact of
economic integration. The analysis implies that the current
climate of reverse economic integration, with the building
up of trade tariff tensions, otherwise referred to as
“deglobalization” will certainly have an impact on the two
markets with repercussions for governments and investors.
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1 For instance, Malaysia and China abandoned their fixed exchange
rate regimes in July 2005. Ilzetzki, Reinhart, and Rogoff (2019)
provide a comprehensive global exchange rates arrangements
outlook.
2 The valuation changes due to the variation in currency and equity
returns generate valuation swings in international investment
positions and the subprime crisis was particularly subject to these
swings (Cenedese, Payne, Sarno, & Valente, 2015).
3 Ülkü and Demirci (2012) provide support for this proposition.
Using structural vector autoregression, they examine the linkage
between the currency and stock markets in the emerging Euro-
pean markets and report a strong relationship in the markets
where the co-integration was absent.
4 For example, Caporale, Hunter, and Ali (2014) examine the time
varying currency and equity markets dynamics for the advanced
countries using BEKK representation of GARCH., Moore and




6 The assumption of linearity describes that a 2% increase in an
independent variable has twice the influence of a 1% increase in
an independent variable on the dependent variable; and an effect
of the same magnitude on the dependent variable for a decrease
in the independent variable with an opposite sign
(Bussiere, 2013).
7 Nominal exchange rate is defined as domestic currency per unit
of foreign currency. In this example, the Malaysian Ringgit is the
domestic currency.
8 The real exchange rate is defined as nominal exchange rate times
the foreign goods prices relative to domestic goods prices.
9 The stock price differential is defined as the difference between
the equity market return of the domestic economy and the US
equity market returns. Throughout the paper, we will be using
Malaysia as an example of the domestic economy.
10 Foreign trade ratio is calculated by summing up the exports and
imports divided them by GDP.




13 China and Malaysia abandoned the fixed exchange rate regime
on July 21, 2005. For the sake of comparison, we keep the
starting date same for all the sample economies.
14 The data that support the findings of this study are available
from [third party]. Restrictions apply to the availability of these
data, which were used under license for this study. Data are
available [from the authors with the permission of [third party].
15 This may be due to managed exchange rate regimes in the
emerging economies.
16 This draws from Moore and Wang's (2014) exposition.
17 This might be due to excessive interference by the Chinese
authorities in their currency market to keep the currency under-
valued. In this way, exchange rate depreciation enhances exports
through the improvement in the international competitiveness,
which improves country fundamentals and therefore the corpo-
rate value of a firm in the form of stock price rises. Another way,
this finding tells that a stimulus in the equity market can be
injected through the improvements in the international competi-
tiveness that decreases exports prices and increases a firm's prof-
itability. This can serve as an alternative in a well-developed and
a reasonable sized equity market. This result is supportive to the
flow-oriented model postulated by Dornbusch and Fischer (1980).
This finding is very relevant to emerging economies in times of
economic slowdown as their focus is more export-oriented
(Kokko, 2006).
18 This transcription of the relationship is due to the fact that
exchange rate is defined as domestic currency per unit of foreign
currency. So, an increase in the exchange rate implies a decrease
in the value of the domestic currency value, in our example the
Malaysian Ringgit and an increase in the real exchange rate.
19 As GDP is available quarterly, we converted it to monthly fre-
quency through the linear interpolation using EXPAND proce-
dure in SAS software. Compared to other methods, linear
interpolation preserves the data properties like mean, sum
(Tiwari, 2014).
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20 The crisis episodes can influence the currency and equity mar-
kets linkages (Caporale et al., 2014).
21 For a derivation of the RIP, see Phylaktis (1999).
22 There is evidence, albeit for a different time period that indeed
the real exchange rate is stationary for the Pacific Basin countries
(Phylaktis & Kassimatis, 1994).
23 Monetary base is taken as M2 for China, India, Indonesia, Korea
and Pakistan.
24 Single step error correction modelling is more efficient than that
of the two steps modelling (Shin et al., 2014).
25 Narayan (2005) provides the critical values for small samples.
26 Bahmani-Oskooee and Tankui (2008) provide the details of nor-
malization procedure.
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APPENDIX A.
TABLE A1 Variables definitions
No.Variable Name Measurement Source
1 Equity return differentials (ED)Difference of price adjusted equity returns
between the sample market equity return
(Pt = log(Pt/Pt − 1)) and the US equity market
return (Pt = log(Pt/Pt − 1) * NEXi, t) in terms of
sample market currency, where NEX is the
nominal exchange rate, defined as domestic
currency per unit of foreign currency. The stock
price is in real terms.
Datastream
2 Exchange rate changes (XR) Log first difference of real exchange rate (REX).
i.e., XRt = log(REXt/REXt − 1). The exchange
rate is defined as national currency per unit of
foreign currency. For example, for Malaysia,
RM/USD. The nominal exchange rate (NEX) is
adjusted for relative prices to get REX. For
example, REXt = NEXtð ÞðCPIUS=CPIMLt , where
CPI is consumer price index, superscript US
and ML denote US and Malaysia, respectively.
IMF Financial Statistics
3 Real integration (BT) To gauge real integration balance of trade is






t is the trade ratio for country i with the rest of
the world, EXPi, t is exports of country i, IMPi, t
is imports of country i and GDPi, t is the gross
domestic product of country i. This variable
captures the openness of an economy and its
significant influence will establish the effect of
real integration on the currency and equity
markets nexus.
Datastream
4 Financial Integration (ID) To measure financial integration, the real interest
rate differential is calculated as the difference
between the real interest rate of country i and
that of the US (The Asian economies are
financially more integrated with the global
financial markets rather than with regional
economies as noted by Barro & Lee, 2011.
Therefore, the US is taken as an appropriate







, where IRt is interest
rate (This paper uses as benchmark the prime
lending rate), INFt is inflation rate, measured by
CPI changes.
Datastream
5 Economic activity (EA) Normalized industrial production index
(2005 = 100)
Datastream
6 Financial development (FD) An index of money supply (M3) to GDP, market
capitalization to GDP, and credit to private
sector to GDP derived through principal
component analysis.
IMF Financial Statistics and Federal Reserve
Bank of St. Louis Research Database
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TABLE A2 Principal component analysis
Number Value Difference Variable PC 1 PC 2 PC 3
Eigenvalues: (Sum = 3, Average = 1) Proportion Eigenvectors (loadings)
China 1 2.8067 2.6162 .9356 MC .5563 .8310 .0090
2 .1905 .1876 .0635 M2 .5879 −.3859 −.7109
3 .0028 — .0009 DC .5873 −.4008 .7032
India 1 2.8636 2.7445 .9545 MC .5668 .8195 .0849
2 .1191 .1018 .0397 M2 .5808 −.4706 .6643
3 .0173 — .0058 DC .5843 −.3272 −.7427
Indonesia 1 2.8930 2.7908 .9643 MC .5708 .7458 .3436
2 .1022 .0975 .0341 M2 .5743 −.6616 .4821
3 .0047 — .0016 DC .5868 −.0779 −.8059
Korea 1 2.7810 2.5750 .9270 MC .5590 .7946 .2368
2 .2061 .1932 .0687 M2 .5773 −.5780 .5767
3 .0129 — .0043 DC .5951 −.1857 −.7819
Malaysia 1 2.8380 2.6837 .9460 MC .5661 .7626 .3130
2 .1543 .1465 .0514 M3 .5741 −.6372 .5142
3 .0077 — .0026 DC .5916 −.1114 −.7985
Pakistan 1 2.7792 2.5882 .9264 MC .5655 .7505 .3418
2 .1910 .1613 .0637 M2 .5937 −.0828 −.8004
3 .0298 — .0099 DC .5724 −.6556 .4924
Philippines 1 2.8562 2.7343 .9521 MC .5668 .8219 .0571
2 .1220 .1002 .0407 M3 .5837 −.3517 −.7318
3 .0218 — .0073 DC .5814 −.4481 .6791
Singapore 1 2.4919 2.0172 .8306 MC .5108 .8585 .0457
2 .4747 .4413 .1582 M3 .6041 −.3962 .6914
3 .0334 — .0111 DC .6117 −.3255 −.7210
Thailand 1 2.8925 2.7982 .9642 MC .5713 .7610 .3074
2 .0942 .0809 .0314 M3 .5755 −.6385 .5110
3 .0133 — .0044 DC .5851 −.1150 −.8028
Note: The PC refers to the principal component. The PC 1 is selected as it explains the highest proportion.
Abbreviations: Market capitalization/GDP (MC), Broad money (M2 or M3)/GDP (M2/M3), Credit to private sector/GDP (DC). Monetary
base is taken as M2 for China, India, Indonesia, Korea and Pakistan and M3 for the rest of sample economies.
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